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Eruption

• Flux rope eruption triggered by localized converging flows
• Eruption evolves west to east as was observed



Sympathetic eruption

• Second eruption 
qualitatively reproduced    



CME propagation

Halo CME 
(Brightness as running ratio)

• CME kinetic energy = 4x1032 ergs    
• CME propagation speed ≳ 1500 km/s 



Interplanetary propagation

• Simulate the propagation of the CME to 1 AU
• Coupling to heliospheric code in rotating frame  (Lionello et al. ApJ 

2013)



Bastille Day Simulation



10 Solar Radii



Dose Rates from Event



Localized 
acceleration 
in low corona

• In Parker-transport 
(assuming near isotropy), 
all particle acceleration 
arises from velocity 
divergence: 

Source

Schwadron et al., 2015



Diffusive solution 
with and without 

escape

• Assumes 70o 

shock-normal
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Decomposing Event

Injection

Diffusive 
Acceleration

Escape



Flank Acceleration and 
Observational Comparison

SIMULATION



Flank Acceleration GLEs 

Bastille Day Event



EPREM SEP profiles at different observers (latitude=0°)

-60° -30° longitude=0° 30° 60°
r = 0.5 AU

r = 1.0 AU

r = 1.5 AU

east west



Conclusions

• Discovering roots of Energetic Particle 
Acceleration in Low Corona

• Significantly broadens longitudinal spread
• Characteristic spectrum showing

– Injection
– Diffusive flank acceleraion
– Escape at high energies

• Validation both via time profiles and 
spectral shape of event



Backup 



C-SWEPA Goals
• Goal 1: Scientifically explore the seed populations and acceleration of 

energetic particles in the low corona, through interplanetary space, and 
over broad longitudinal regions

• Goal 2: Couple the energetic particle acceleration model (EPREM, the 
energetic particle radiation environment model) with MHD models that 
describe the propagation of coronal mass ejections from the low coronal 
plasma environment through the interplanetary medium.  

• Goal 3: Validate results the coupled EPREM and EMMREM models 
with observations at distributed observers near 1 AU and out beyond 
Mars. Validation extends across our understanding of radiation induced 
hazards from solar energetic particles and galactic cosmic rays at Earth 
down to atmospheric levels, out into deep space and to Mars and 
beyond. 

• Goal 4: Extend key data sets useful for the project: shock parameters 
at 1 AU, CME propagation data, and radiation environment data 
through the inner heliosphere. 



C-SWEPA Role – National & 
International Teams

• The Cosmic Ray Telescope the for the Effect of Radiation 
(CRaTER) team (http://crater.unh.edu ) 

• The Dynamic Response of the Environments at Asteroids, 
the Moon, and the Moons of Mars (DREAM and DREAM2 
Projects, http://ssed.gsfc.nasa.gov/dream/ ) 

• The Sun-2-Ice team (http://sun-2-ice.sr.unh.edu, NSF 
FESD)

• The Solar Probe Plus team (http://solarprobe.jhuapl.edu) 
• The International Team on Radiation Interactions. 

(http://www.issibern.ch/teams/interactplanetbody/) 




